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I. INTRODUCTION 



A. Background 

This research will identify and analyze those hardware components in the S-3 
aircraft’s flight control systems that are degrading system readiness and reliability. This 
will be accomplished using the Naval Air Systems Command’s (NAVAIR) version of 
Reliability Centered Maintenance (RCM) software, Integrated Reliability Centered 
Maintenance Software (IRCMS). IRCMS is a tool for performing and documenting a 
RCM analysis. 

A statistical analysis of historical failure data is also performed, and an optimum 
maintenance plan, using components manufactured with advanced processes, is 
developed for the components identified. 

B. Objectives 

The objectives of this thesis is to utilize NAV AIR’s RCM program and statistical 
analysis to identify readiness degraders, and improve the reliability of the flight control 
system through either optimized preventative maintenance, or utilization of improved 
components. Through use of RCM and statistical analysis, components with poor 
reliability can be identified, and cost/benefit tradeoffs can be accomplished in order to 
seek optimal solutions to achieving increased reliability. 

C. Research Questions 

The thesis will answer the following questions: 

1 . What is RCM, and how is it used to improve system readiness? 
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2. How is Integrated Reliability Centered Maintenance Software (IRCMS) utilized 
to analyze data? 

3. What are the top readiness degraders of the S-3’s flight control system? 

4. How are these degraders impacting maintenance? 

5. Is there preventative maintenance (PM) established for these components, and is 
this preventative maintenance effective? 

6. What are the failure modes of the degraders? What factors contribute to failures? 

7. Can reliability of the system be improved through changes in scheduled 
maintenance, an optimized maintenance plan, or replacement of the components? 

8. What is the cost/benefits of the analysis output? 

D. Scope, Limitations, and Methodology 

The scope will include: (1) identifying the top readiness degraders of the S-3 
aircraft’s flight control components, (2) an analysis of those components using 
NAV AIR’s IRCMS software, (3) developing an optimum maintenance plan that 
minimizes total expenses, (4) impact of the components on life cycle maintenance costs, 
and (5) an analysis of current preventative maintenance procedures that apply to the 
components discussed. The thesis will conclude with recommendations to improve 
system reliability. 

The methodology used in this thesis research will consist of the following steps: 

1 . Conduct a data base search of aviation maintenance data (AV-3M) from the 
Naval Aviation Maintenance Office, and cognizant field activity (CFA) data 
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from the Naval Aviation Depot (NADEP) at North Island, Ca., to identify 
what flight control components are suiTable for RCM analysis. 

2. Using NAV AIR’s IRCMS software, analyze the components to determine 
failure modes, and causal factors. 

3. Research current maintenance requirements for applicability to the selected 
components. 

4. Determine environmental exposure of selected components by inspecting 
component location on the aircraft. 

5. Through interviews with maintenance personnel from VS-41, the S-3 Fleet 
Replacement Squadron (FRS) at NAS North Island, determine maintenance 
times required to remove and replace the selected components. 

6. Using reliability models, determine the availability probabilites for the 
components. 

E. Organization of the Study 

Chapter II describes NAVAIR’s RCM program structure, and provides the basis for 
the thesis study. Chapter III provides and explanation of assumtions used to develop the 
RCM analysis. In Chapter IV, the components that will be analyzed are identified. In 
Chapter V, the IRCMS program is used to determine a course of action. In chapter VI, a 
statistical model is developed to show historical maintenance costs, and the effect on 
costs if improved components are used. Chapter VII presents conclusions and 
recommendations. 
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II. NAVAIR’s RCM PROGRAM 



A. Introduction 

Reliability. The probability that a system or product will perform in a satisfactory 
manner for a given period of time when used under specified operation conditions [Ref. 

1: P 14]. 

Reliability Centered Maintenance was developed in the United States in the early 
1960’s, by the civilian aviation industry. It was developed when airline companies 
realized that their maintenance philosophies were not only expensive, but dangerous as 
well. This realization prompted the industry to put together a series of “Maintenance 
Steering Groups” (MSG) to reexamine all processes related to aviation maintenance 
practices. These groups consisted of representatives from aircraft manufacturers, the 
airlines, and the FAA. 

The first attempt at formulating maintenance strategies was promulgated by the Air 
Transport Association in Washington, DC, in 1968. This first attempt is known as 
MSG1. The first revision, MSG2, was issued in 1 970. In the mid 1970’s, the 
Department of Defense desired to improve its maintenance practices, and commissioned 
a report on the subject from the aviation industry. Stanley Nowlan and Howard Heap of 
United Airlines wrote this report. They titled it “Reliability Centered Maintenance”. [Ref 
2] The report was published in 1978, and is considered to be one of the most important 
documents in physical asset management. 

Nowlan and Heap’s report represented a considerable advance on MSG2 thinking. It 
was used as the basis for MSG3, which was released in 1980. MSGS has been since 
revised twice. Revision 1 was issued in 1988, and Revision 2 in 1993. It is used today to 
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develop prior to service maintenance programs for new aircraft types (recently Boeing’s 
777, and Airbus’ 330/340). 

B. Program Overview 

The Naval Air Systems Command version of RCM was developed from MSG1 and 
MSG2, modified to the Analytical Maintenance Program, and then to the present RCM 
program, encompassing RCM analysis and Age Exploration (AE) analysis. NAV AIR's 
current directive on RCM is the NAV AIR 4790.20. This instruction describes policy, 
procedures, and responsibilities for application of RCM analysis for systems under 
NAV AIR cognizance [Ref 3]. The RCM program is applied in three basic stages: 

1) To influence design guidelines and equipment design. 

2) To develop a preventative maintenance (PM) program encompassing all levels 

of maintenance. 

3) To continually review and update preventative maintenance requirements 

throughout the life cycle of the equipment. 

NAV AIR’s RCM program is applicable to new procurement and in-service aircraft, 
airborne weapons systems, and support equipment. The program includes establishing 
priorities during concept and design to influence preventative maintenance requirements. 
NAV AIR's RCM management manual, the NAV AIR 00-25-403, provides guidance on 
performing the RCM analysis, implementation of results, and sustaining efforts. 



6 



NAV AIR’s current version of IRCMS, version 5.3.1, is used to perform all NAVAIR 
RCM analyses [Ref 4: p 1-1]. 

C. NAVAIR RCM Program Planning 

Development of a RCM program is the first of many steps in initiating a program that 
maximizes safety and operation availability, reduces overall costs of ownership, achieves 
equipment inherent availability, and provides an audit trail for PM requirements. The 
RCM program plan describes all processes and procedures that are performed as part of 
the analysis effort. The following are elements of NAVAIR’s RCM program [Ref. 4: p. 
2 - 1 ]: 

1 . RCM analysis ground rules and assumptions 

2. Scope of initial analysis 

3. Sustaining task procedures 

4. Available resources/data identification 

5. Responsibilities definition 

6. Effectiveness metrics 

7. Training requirements 

8. Contractor support/interface 

9. RCM/LSAR interface 

1 0. Reporting requirements 

1 1 . Funding requirements 

12. RCM program plan of action and milestones (POA&M). 
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This RCM study of the S-3’s flight control components will be limited to addressing 
items 1, 2, 3, and 6 *. Each of the four items will be discussed in detail, in Chapter III. 



1 These four areas constitute the minimum areas needed to start this RCM analysis. 
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III. THE RCM ANALYSIS PROCESS 



A. Introduction 

Of the twelve RCM elements, four have been determined to be fundamental in 
performing this study: 

1 . Ground rules and assumptions 

2. Scope of the initial analysis 

3. Sustaining tasks 

4. Effectiveness metrics 

It is here that the foundations of the analysis are determined. Specific examples of types 
of ground rules and lessons learned that have been used in other programs are provided in 
Appendix 1 of the RCM Management Manual [Ref 3]. All assumptions made in 
developing this RCM analysis are the author’s. 

B. RCM Analysis Ground Rules & Assumptions 

One of the most important elements in performing and RCM analysis is the 
establishment of ground rules and assumptions. In establishing ground rules and 
assumptions for this analysis, four factors are of significant importance: (1) failure mode 
effects criticality analysis (FMECA), (2) the analysis approach to be used, (3) significant 
item selection, and (4) preventative maintenance (PM) requirements. Standard operating 
procedures, data sources, analytical methods, cost benefit analysis methods, specific 
analysis approach information, default values, and any other appropriate information that 
is required for a consistent and efficient RCM analysis effort, are identified. 
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1. Failure Mode Effects Critically Analysis (FMECA) 

The FMECA is one of the major data inputs to, and is the starting point of, the 
RCM process. FMEA attempts to predict possible sequences of events that lead to 
system failure, determine their consequences, and devise methods to minimize their 
occurrence [Ref. 5: p 163]. Criticality Analysis enables the determination of the 
occurrence of the failure modes, and the determination of the impact of a failure mode on 
the reliability of the system. As such, ground rules & assumptions should also be 
included for the FMECA unless previously documented elsewhere such as in a FMECA 
Plan. A FMECA will not be done for this study, as failure modes for the components 
have been identified by use of malfunction codes documented in NALDA/3M data. 2 

2. Analysis Approach ' 

The analysis approach to be used during the performance of the RCM analysis is a 
critical element in the planning and executing process. The analysis approach is 
primarily applicable to the FMECA, which in turn influences the RCM analysis. There 
are two primary approaches for accomplishing the FMECA/RCM analysis. One is the 
hardware approach and the other is the functional approach. The following provides a 
brief description of each approach. 

a. Hardware Approach 

The hardware approach is normally used when hardware items (such as 
bearings and control cables), can be uniquely identified from schematics, drawings, 

2 Although IRCMS can perform a FMECA, the assumption is that failure modes have been identified at the 
time the component was replaced, and each mode is considered to be critical. 
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maintenance manuals, and other engineering design data. The hardware approach is 
normally utilized in a part level up fashion (increasing indenture levels/bottom-up 
approach); however, it can be initiated at any level of indenture and progress in either 
direction. Each identified failure mode is assigned a severity classification, which is 
utilized to establish priorities for PM task development or redesign . 3 

b. Functional Approach 

The functional approach is normally used when hardware items cannot be 
uniquely identified or when system complexity requires analysis from the initial 
indenture level downward through succeeding indenture levels. The functional approach 
is normally utilized in an initial indenture level down fashion (top-down approach); 
however, it can be initiated at any level of indenture and progress in either direction. 
Each identified failure mode is assigned a severity classification, which is utilized to 
establish priorities for PM task development or redesign. 

3. Significant Item (SI) Selection 

For this study, SI is defined as a flight control hardware component averaging more 
than two failures over a seven-year period. This allows for identification and analysis of 
the components with the highest failure rates. The IRCMS significant item selection 
logic will be discussed in detail, in chapter IV. 



3 For this study, the hardware approach will be used since drawings and maintenance manuals readily 
identify all the components. 
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4. Directed PM Requirements 

Different components may have different levels of maintenance assigned due to the 
level effort required to accomplish a given maintenance effort. For the organizational 
level of maintenance, the NAVAIR 01S3AAB-4 instruction details the specific PM 
requirements that can be performed. At the depot level, PM requirements are identified 
in the Standard Depot Level Maintenance Specification (NAVAIR S-3SDLM) for the S-3 
aircraft. 

C. Scope of Initial Analysis 

This element of the process defines the scope of the initial analysis. The scope is the 
amount of initial analysis to be performed and will determine the method of analysis 
used, and the resources required to complete the tasks [Ref. 4: p 2 - 6 ]. The scope of the 
analysis will differ according to the phase of the program (new acquisition or in-service), 
and the extent and currency of any prior RCM analysis. As the S-3 is an in-service 
aircraft, the analysis will address only this phase. 

1. In-service Programs - Factors 

Many factors are involved in defining the scope for in-service programs. These 
factors include, but are not limited to, the following: 

1 . Age of aircraft (life cycle phase) 

2. Prior or existing RCM analysis 

3. Current maintenance philosophies 

4. Number and complexity of aircraft systems 
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